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Abstract 
A fabrication technique was reported earlier [1] to produce high aspect ratio hollow circular cross-sectioned 
microneedles involving just one lithography step. However, the strength of those needles was still not tested. Here, 
the average failure force for each microneedle was measured experimentally. The insertion force in agar gel, which 
serves as a reliable human skin equivalent in terms of its visco-elastic properties [2], was obtained. The safety factor, 
ratio of failure force to insertion force was computed to be almost 600. Therefore, the fabricated microneedles are 
sufficiently strong to be inserted into the stratum corneum. Further to this, the fabrication process was enhanced to 
incorporate sharpening of the tips of the microneedles as well as mounting them on a platform such that the bores of 
the needles are continuous through the bore of the platform on which they are mounted. The process of realizing the 
platform in the same material as that of the needles makes the assembly less complex and more efficient. 
 
© 2011 Published by Elsevier Ltd. 
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1.Introduction 
Transdermal delivery is a method to circumvent the digestion of protein drugs in the gastro-intestinal (GI) 
tract, thereby introducing the drug subdermally into the human body. Though there are several known 
methods of transdermal drug delivery, microneedles have the advantage of not being limited by the size 
of the drug molecule unlike in other methods.  
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2.Design and Fabrication 
The microneedles were designed for a height of 1540 μm with a circular cross-section, an inner 
diameter of 100 μm  and a wall thickness of 35 μm. SU-8 2150 from MicroChem Inc., US, was chosen as 
the fabrication material. SU-8 is an epoxy-based polymer which also finds use as a negative photoresist 
due to its photosensitive properties. The fabrication process as detailed in [1] was fairly simple. After the 
pre-bake, the SU-8 was broken down into tiny chips, heated and reflowed, and then de-gassed in a 
vacuum oven [1]. Following this, the SU-8 was exposed to 365 nm wavelength UV at a dosage of 300 
mJ/cm2. Next, a post-exposure bake was performed at 80oC for an hour in an oven. After allowing the 
substrate to cool down slowly overnight, it was placed in SU-8 developer solution for another few hours 
before the microneedles appear to stand out clearly on the wafer substrate. This is the basic fabrication 
process which resulted in these high-aspect ratio hollow circular polymer microneedles. 
 
Fig. 1. Basic fabrication process 
 
The microneedles resulting from this process in Fig. 1 exhibited a high-aspect ratio of greater than 40, and 
were subjected to the mechanical load stress to determine their failure force. 
 
3.Results 
3.1.Fabrication Results 
The fabricated microneedles, as shown in Fig. 2 (a), were measured to be 1540 μm tall, with an inner  
(a)                                                                                                     (b) 
Fig. 2. (a) Fabricated high-aspect ratio SU-8 microneedles: height 1540 μm, inner diameter 100 μm, wall thickness  35 μm;            
(b) Applied load vs. time graph depicting failure force at 4.18 N for a single microneedle. A ± point at which plumber makes contact 
with the needle top, B ± point at which needle breaks. 
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diameter of 100 μm and a wall thickness of 35 μm. Further, the SU-8 appeared to have been developed 
quite nicely with no observable stresses on the microneedle structures. The microneedles were observed 
WREHTXLWHVWUDLJKWDQGYHUWLFDOZLWKRXWDQ\µGURRSLQJ¶WKXVSURYLQJWKDWWhe SU-8 had been baked well 
and that the resulting structures were hard. Also, the adhesion between the SU-8 microneedles and the 
oxide-coated surface of the Si substrate appeared to be quite good, for the needles were not released from 
the substrate during the development stage. 
3.2.Mechanical Testing 
These microneedles as depicted in Fig. 2 (a), were subjected to an orthogonal mechanical loading 
using an experimental set-up wherein a solid metal plunger was manually loaded onto a microneedle top 
and pressed downwards in line with the needle axis. The average critical breaking load was found to be 
4.18 N, as shown in Fig. 2 (b). This was compared to the force required to insert the microneedles into 
commercially available agar gel (Chinese grass) as shown in Fig. 3 (a). For this, a very thin slice of agar 
gel was placed on top of a (3x3) microneedle array prior to loading. Thus, from the graph in Fig. 3 (b), it 
can be observed that this insertion force is 63 mN for these microneedles, 9 in number. Insertion force per 
microneedle is computed to be 7 mN. Safety factor, which is the ratio of the failure force to the applied 
load and which should typically be greater than one for mechanically safe and stable structures, was thus 
calculated to be almost 600 per microneedle, thereby, proving the adequate strength of the needle 
structure.  
 
4.Drawbacks, Solutions and Discussion 
   The above fabricated microneedles have two primary drawbacks: a) their bores are blocked by the 
substrate which supports them, and, b) they are not sharp. Thus, an enhanced process is being investigated 
to make sharp tipped microneedles standing on a platform such that the bores of the needles are 
continuous through the bore of the platform. Sharpening of the needle tips was done by the principle of 
producing the microneedle tips on the grooves of KOH-etched pits in a <100> Si wafer as illustrated in 
the process flow of Fig. 4 (a), along the 54.74o inclined {111} plane, thereby, forming the same tip angle 
as can be seen in Fig. 4 (b). Further, continuing the same process, these needles were mounted on a 
platform also made of SU-8, by cross-linking only a thin uppermost layer of the SU-8 as illustrated in Fig. 
4 (a), with a short i-line UV exposure [3]. The platforms holding the needles in Fig. 4 (c) were released 
from the wafer substrate after a development step. However, work is still on-going in order to optimize 
this process step. 
 
                                    
 
(a)                                                                                                                   (b) 
 
Fig.  3. (a) Top view of microneedles inserted into agar gel. The dark areas indicate the gel; (b) Applied load vs. time graph during 
insertion into agar gel. Flattening of peak (marked) indicates an insertion force of 63 mN for a (3x3) needle array. 
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Fig. 4. (a) Process flow for making sharp-tipped hollow microneedles on a platform; (b) Triangular cross-sectioned sharp-tipped 
hollow SU-8 microneedles, 300 μm in height, (without platform). A ± KOH-etched pyramidal pit, B ± fabricated microneedle 
standing on the pit, C ± a fallen microneedle exposes its sharpened tip formed by molding; (c) SU-8 microneedles on an SU-8 
platform, 250 μm thick. A ± sharp-tipped microneedles, 500 μm in height, B ± a bore of the platform misaligned with the bore of the 
needle. 
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